The effectiveness of extradural injections of morphine sulphate 6 mg, methadone 6 mg, pethidine 60 mg and fentanyl 60 ug in relieving pain after operation were compared in 24 patients. The average durauon of pain relief following morphine was 12.3 h; methadone 8 7 h, pethidine 6 6 h and fentanyl 5 7 h. There was no significant difference m the efficacy of the four drugs. There were no effects of clinical importance on heart rate, respiratory frequency or arterial pressure, but arterial systolic pressure decreased after morphine and pethidine. Pethidine also caused a statistically significant reduction in diastohc pressure.
The value of extradural opiates and opioids in the relief of postoperative pain is now well established and the use of a number of different drugs, including morphine (Magora et al., 1980) , methadone (Bromage, Camporesi and Chestnut, 1980) , pethidine (Glynn et al., 1980) and fentanyl (Wolfe and Davies, 1980 ) has been reported. There has been no report of a controlled comparison of the effects of these drugs. The present study was designed to satisfy this need.
MATERIALS AND METHODS
A "within-patient" controlled trial was approved by the Clinical Trials Committee of our hospital. All the patients in the trial gave informed consent. The participating patients were admitted to the intensive care unit following operations involving extensive abdominal, thoracic or flank incisions.
It seemed probable that the results of the trial could be influenced by the order of administration of the drugs under test: the effectiveness of the first drug administered might be potentiated by the drugs used during anaesthesia or reduced by the intensity of the pain experience in the period immediately after operation. The effect of opiates given later in the postoperative period could apparently be enhanced by the naturally diminishing pain stimulus or be the residual effects of the previously administered opiates. To eliminate such bias, a "latin square" design was adopted so that each of the 24 possible sequences of four drugs was given to one patient. T10-11  T8-9  T8-9  T10-11  T10-11  T9-10, T10-11,  Tll-12  L2-3  T10-11  T8-9  T9-10 To obtain 24 complete studies, 34 studies were attempted. Six patients did not require five administrations of an analgesic (five in order that the duration of analgesia produced by the fourth drug could be assessed). In one patient the extradural catheter was not correctly sited (no analgesia from opiate or local anaesthetic). One patient became delirious after operation, probably because of alcohol withdrawal. One patient required positive pressure ventilation for acute respiratory failure which was not related to opiate administration, and one patient was discharged from the unit before completion of the study. In the 24 completed studies, there were nine females and 15 males who ranged in age from 19 to 78 yr and in weight from 60 to 95 kg. The patients were informed of the nature of the study and told to ask for analgesia when they experienced pain at rest. They were advised that they would be asked to express a preference for any one of the first four analgesic injections they would be given.
All the patients had opiate premedication and were operated upon under general anaesthesia. Thiopentone induction was followed by maintenance with nitrous oxide in oxygen supplemented by intermittent doses of fentanyl. A neuromuscular blocking drug was given. In eight patients halothane was given also. The three patients who underwent cystectomy had the extradural catheters inserted at the L2-3 interspace, those who underwent abdominal or renal operations had their catheters inserted in one of the thoracic spaces below T8 and in those patients who underwent thoracotomy the catheters were inserted at T5-6 or T6-7. All the catheters were directed cephalad and inserted 2-3 cm into the extradural space.
The four drugs investigated were morphine sulphate 6mg in a solution containing 0.1% sodium metabisulphite; methadone 6mg; pethidine 60 mg; and fentanyl 60 \ig, all in aqueous solution. Each drug was diluted to 10 ml in sterile normal saline immediately before use.
The first dose of analgesic was administered as soon as the patient complained of pain after the operation-spontaneously or in response to a direct question. Within 45min all patients obtained effective pain relief. They were instructed to ask for further analgesia as soon as pain at rest returned and were again reminded that they would be asked for their preference for one of the four drugs. Subsequent doses of analgesic were injected on demand. Immediately before and 45-60 min after drug administration the patient's heart rate, respiratory frequency and arterial pressure were recorded. Complaints of nausea or itching and the occurrence of vomiting were also noted. Before the fifth analgesic administration, the patients were asked if they could indicate a preference for any of the four drugs.
The data were analysed in the following manner. The durations of action of the four drugs were compared using the Mann-Whitney Rank Sum test. For comparison of the duration of action of the first, second, third and fourth drugs analysis of variance was used. The values for the vital signs before and after drug administration were tested using the paired t test and the signifi- cance of any drug preference analysed using the Chi squared distribution.
RESULTS
The mean duration of action of morphine was 12.3 h, which was not significantly longer than methadone, 8.7 h. The durations of action of pethidine, 6.6 h, and of fentanyl, 5.7 h, were significantly shorter (P<0.01 and P<0.001 respectively). The duration for methadone did not differ significantly from pethidine, but was longer acting than fentanyl (P<0.05). Pethidine and fentanyl did not differ significantly. the first, second, third or fourth drug administered, nor was there any significance in the distribution of drug preference. The effects of the four drugs on heart rate, respiratory frequency and arterial pressure are shown in table III. Heart rates were not changed significantly by any of the four drugs. All four drugs reduced respiratory frequency slightly, but none of the changes was statistically significant. The slowest recorded respiratory frequency was 12 b.p.m. In none of the patients was there evidence of depression of respiration which would give cause for concern and there was no statistically significant difference between the mean rates for the four groups.
No patient experienced a decrease in arterial pressure which required treatment, following the administration of any of the drugs. The lowest pressure recorded was 95/50 mmHg before methadone and this was unaffected by the drug. The decrease in systolic pressure following morphine and pethidine was statistically significant (P<0.05) as was the reduction in diastolic pressure following pethidine (P<0.01).
Although no serious side-effect was encountered, one patient reported nausea and vomiting following each drug except fentanyl and another became nauseated following morphine and fentanyl. Both these patients responded to treatment with metoclopramide. Three of the patients reported itching following morphine and one of these also developed itching following pethidine. Although promethazine relieved the pruritus, no patient exhibited clinical signs of histamine release. Only 12 of the patients arrived in the Intensive Care Unit without a bladder catheter. Of these one required catheterization after administration of an extradural narcotic.
DISCUSSION
When comparing two or more drugs it is important to make the comparisons between demonstrably equipotent doses. The best way to accomplish this is to establish and compare dose-response curves. This is not practical in a study such as this and it is possible to argue that the comparisons may be inaccurate as the "equipotent" doses were chosen arbitrarily. However, the similarity of the effect of the four drugs on breathing suggests that the doses were chosen with reasonable accuracy.
All four drugs in the doses used gave good relief of pain after operation. The fact that each of the four drugs was preferred by some of the patients demonstrates that all can be clinically useful and effective. Morphine was preferred by more patients than any other drug, although this preference failed to reach statistical significance. The duration of action of morphine and methadone are in good agreement with previously reported figures (Bromage, Camporesi and Chestnut, 19.80) . Pethidine and fentanyl gave effective relief but of shorter duration. It is interesting to note that the durations of aaion of the four drugs do not accord with the relative values of either their elimination half-lives (Bochner et al., 1978; McClain and Hug, 1979) , oil/water partition coefficients or distribution coefficients (Kaufman, Semo and Koski, 1975) .
The plasma kinetics of morphine do not differ greatly after extradural administration from the kinetics following i.m. injection, with an elimination half-life of about 2h (Weddel and Ritter, 1980) . The plasma half-life of methadone after a single i.m. dose is 52 h (Verebely et al., 1975) , therefore it is possible that, if extradural doses are administered repeatedly, say at 8-h intervals, significant systemic cumulation may occur.
Side-effects
All drugs caused a slight reduction in respiratory frequency, although none of the patients exhibited clinical respiratory depression. Severe, delayed respiratory depression has been reported after both extradural and intrathecal opiate administration, but was not encountered in our patients (Boas, 1980; Scott and McClure, 1979) .
The heart rate was not significantly affected. As we found in a larger series, arterial systolic pressure was reduced slightly by morphine (Torda and Pybus, 1981) . Pethidine was followed by significant reductions in both systolic and diastolic pressure. It needs to be emphasized that in no patient did the change cause concern.
Twelve of the patients arrived in the intensive care unit without urinary catheters. Although others have reported a high occurrence rate (Weddel and Ritter, 1980) , only one of our patients-who had undergone pyelolithotomyrequired catheterization for urinary retention. This frequency of retention accords well with our clinical impression that retention is more common in patients who receive lumbar or low thoracic extradural blocks than in those who receive high thoracic extradural narcotics.
Pruritus has now been widely reported (Torda et al., 1980; Bromage, Camporesi and Chestnut, 1980) . Although it has been suggested that it is caused by the preservative in the morphine, this is probably not the case. The preservative, sodium metabisulphite, has been extensively used in adrenaline-containing solutions of lignocaine, yet itching is not a recognized side-effect. Itching has also been reported after the use of preservativefree morphine (Weddel and Ritter, 1980) and we have now encountered it after the use of pethidine. Whatever the mechanism, it does appear to occur most commonly after the administration of morphine.
Two of 24 patients suffered from nausea and vomiting. It is a low frequency when compared with its occurrence after i.m. opiates given for pain relief after operation. Although the sample in this study is small, the finding is in accord with other published studies (Magora et al., 1980) . This study demonstrates that any of the four drugs tested can be used effectively for extradural analgesia. There was no overwhelming advantage of one drug over the other except for the longer duration of action of morphine. Against this must be set the problem of pruritus. The effect of morphine on arterial systolic pressure does not appear to be of clinical significance. Whether the hypotensive effects of extradural pethidine are of clinical importance remains to be determined. 
SUMARIO
Se comparo en 24 pacientes la efectividad de inyecciones extradurales de 6mg de sulfato de morfina, de 6mg de metadona, de 60 mg de petidina y de 60 pg de fentarulo, en lo tocante al alivio del dolor despues de la operacion La duration media del alivio del dolor fue de 12,3 h para la morfina, 8,7 h para la metadona, 6,6 h para la petidina y 5,7 h para el fentanilo, despues de admirustrar las respectivas inyecciones No hubo una diferencia sigmficativa en la eficacia de las cuatro drogas. No hubo efectos de importancia clinica en lo tocante al ntmo cardiaco, a la frecuencia respiratoria o a la presi6n arterial, pero hubo una dismrnucion de la presion sistohca artenal despues de administra morfina y petidina La petidina tambien motivo una reducci6n estadisucamente significauva de la presion diastohca.
